In 1993, the State Council of China announced the policy to virtually eliminate iodine-deficiency disorders (IDD) by 2000 and adopted universal salt iodization (USI) as the national strategy. Biennial province-based monitoring from 1995 onward aimed at capturing the use and iodine content of household salt, along with urinary iodine concentrations among schoolchildren from the same households. This paper reports on the progress made in China toward the goal of virtually eliminating iodine-deficiency disorders on the basis of 85 population-representative surveys in China's provinces during 1995-99. The percentage of households using adequately iodized salt (iodine ≥ 20 mg/kg) increased from 43.1% in 1995, to 82.2% in 1997, to 89.0% in 1999. In 1999, at least 90% of the households in 15 (48%) of the 31 provinces used adequately iodized salt, and a median urinary iodine concentration of less than 100 µg/L in children was reported in only one province. Across provinces, the median urinary iodine concentrations in children were positively correlated in each survey year with the median household salt iodine contents (combined r s = 0.74, p < .001) and with the proportions of households using adequately iodized salt (combined r s = 0.81, p < .001). Also in each survey year, the percentage of children with urinary iodine concentrations of at least 300 µg/L was correlated (combined r s = 0.69, p < .001) with the proportion of households using salt with iodine content of at least 40 mg/kg. The median urinary iodine concentration in children had reached 300 µg/L or more in 13 provinces (42%) by 1999. In a little more than five years, then, China has achieved outstanding progress toward the goal of virtual elimination of IDD through USI. Policy recommendations include improvement of quality assurance by salt manufacturers, along with a modest reduction in the mandated salt iodization levels.
Introduction
Universal salt iodization (USI) is agreed upon [1] as the recommended strategy to eliminate iodine-deficiency disorders (IDD) in a population. USI is defined as the iodization of all food-grade salt [2] for consumption by humans and livestock. USI can ensure optimal population iodine nutrition and thereby protect each generation of newborns from brain damage due to iodine deficiency [3] . When USI has been practiced for 5 to 10 years, the recommended core standards to ascertain that the goal of sustained elimination of iodine-deficiency disorders is reached include the use of adequately iodized salt by at least 90% of households, along with an associated median urinary iodine concentration in the population in the range of 100 to 299 µg/L [4] .
The elimination of IDD gained prominence among global development priorities during the last 15 years, and much progress has been made worldwide [5, 6] . National survey data consolidated at UNICEF show that nearly 70% of the world's households were using iodized salt by the end of the twentieth century, although more recent trends indicate a likelihood of some backsliding. Nevertheless, the goal of virtual elimination of IDD by the year 2000 was reached in a number of countries, together with evidence of conditions considered critical for sustainability [4, 5] .
In China, the IDD problem was acknowledged as a public health threat early during the 1990s [7] . The Chinese Academy of Preventive Medicine had estimated that about 450 million people lived in iodine-deficient areas, with more than 30% of the population considered at risk [8] . In 1993, the State Council of China committed itself to the virtual elimination of iodine-deficiency disorders by the year 2000 and introduced USI as the national strategy [9] . Until that time, iodized table salt was directed to areas where goiter was regarded as an endemic public health problem, combined with provision of iodized oil capsules through schools. Following the decision by the high-level political leadership, the Ministry of Light Industry and the Ministry of Health jointly publicized the outlines for accomplishment of the USI strategy, and in August 1994 the State Council enacted the national specifications for salt iodization to eliminate health hazards due to iodine deficiency in China [10] . Legal supervision of the quality of iodized salt became authorized as part of the food inspection mandate of the health administration department, while the salt administrative department was made responsible for manufacturing and marketing of iodized salt. Potassium iodate (KIO3) had already replaced potassium iodide (KI) as the iodating agent of salt in China by 1990. The new national regulations called for salt iodine contents in households to be at levels no less than 20 mg/kg. To reach this desired consumption level, the level of salt iodization during manufacturing was set at 50 mg/kg to ensure a level of not less than 40 mg/kg in the manufacturer's supply outlets. In the spirit of the solid political commitments by the State Council, a comprehensive national effort began, mobilizing many sectors and institutions. The China National Salt Industry Corporation undertook drastic industry reform and modernized its production and marketing operations, and the Ministry of Health increased enforcement measures to stop the leakage of unauthorized raw salt into consumer markets [10] .
Between 1993 and 1995, a national monitoring system was also devised to track trends in goiter prevalence among schoolchildren, household use of iodized salt, and the iodine nutrition status of schoolchildren, based on provincial prevalence surveys conducted every two years and county-based household salt iodine testing conducted every month. Because of the well-known delay in the decrease in the prevalence of goiter after improved iodine nutrition [11, 12] , the earlier evidence of adequate population iodine nutrition rested on trends in the use of iodized salt in households, along with trends in urinary iodine excretion among members of these households.
The present report uses the biennial province-based survey data collected in China between 1995 and 1999 to describe changes in the above indicators over time and to determine the relationships between iodine nutrition indicators of household salt and urinary iodine excretion of school-aged children from these households. The objective is to assess the practical functioning and outcomes of the USI strategy in China and suggest ways of improving its effectiveness to ensure the optimal iodine status of the population.
Methods

Survey design
In each provincial survey, a multistage, probability proportionate to population size (PPS) cluster sample was obtained. The county served as the primary sampling unit, and 30 counties (clusters) were selected systematically in each province from a county population list. In each province, in each survey year, a list of all counties was used to select 30 counties at random without putting the name of the county back on the list after its selection.
In each selected county, a school was then sampled at random. Schoolchildren aged 8 to 10 years served as the index population. For each cluster, 40 children were selected at random from the enrolment list. All children were examined for thyroid size by palpation and/or ultrasound, and the iodine content of a salt sample brought by the child from home was determined by titration. From among the 40 children in our sample, a subsample of at least 12 children was randomly selected to provide a urine sample for iodine concentration analysis. A uniform survey protocol, including sample selection, questionnaires, and record sheets, was designed and used nationally for all the provincial surveys in 1995, 1997, and 1999. The provincial surveys in 1995 were conducted between March and June, before all the previously manufactured noniodized salt had disappeared from the salt delivery channels [13] .
Determination of iodine concentration in urine and salt
Urinary iodine concentration was analyzed using an acid-digestion method modified from the method of Dunn et al. [14] . The iodine content in salt samples was determined by iodometric titration [15] . All chemical analyses were conducted in provincial laboratories, accredited by the national iodine-deficiency disorders reference laboratory in Beijing. The results of urine or salt iodine analyses from field collection were not accepted unless the criteria for accreditation of a provincial laboratory were met. These criteria required that the accuracy and precision from analyzing external quality specimens provided by the reference laboratory be less than 5% of the specimen target.
Data entry and analyses
Public health professionals from each province entered the data for analysis using Epi Info 6.04b (Centers for Disease Control and Prevention, Atlanta, Georgia, USA). A training course on survey methods, sample analyses, and Epi Info was held in Beijing every year with participants from each province before the survey and data entry. During data entry, an Epi Info checkfile was used to minimize errors. After entry, the raw data were cleaned in each province and then sent to the National Institute of Iodine-Deficiency Disorders in Harbin, where a further data check was performed.
Each of the datasets collected by provinces in 1995, 1997, and 1999 was handled as a separate cohort. Therefore, the provinces were the primary units for the present analysis. Distributions of salt iodine contents were available for the categories < 5 (noniodized salt), 5-19.9, 20-39.9, and ≥ 40 mg/kg; and urinary iodine concentrations for the categories < 100, 100-199, 200-299, ≥ 300, and ≥ 500 µg/L. For urinary iodine data analysis, individuals who reported the use of oral iodized oil within one year prior to the survey were excluded. Medians and 95% confidence intervals (CIs) were calculated by standard statistical methods. Because the iodine contents of salt and urine were not normally distributed, nonparametric Spearman rank correlation was used to examine associations between the various iodized salt indices and urinary iodine parameters [16] . Confidence intervals were calculated as described by Altman et al. [17] .
Results
Description of dataset
In 1995, complete surveys were reported from 23 provinces; in 1997 and 1999, all 31 provinces of China provided complete data. Thus, the present dataset is composed of results from 85 province-based surveys.
The sample sizes for salt iodine by province ranged from 1,200 to 2,400 (mean, 1,259) in 1995, from 1,197 to 1,246 (mean 1,204) in 1997, and from 1,161 to 1,324 (mean 1,213) in 1999. For the urinary iodine assays, the sample sizes by province ranged from 90 to 1,190 (mean, 457) in 1995, from 36 to 1,195 (mean, 319) in 1997, and from 278 to 1,291 (mean, 442) in 1999. The present dataset therefore contains data from 103,891 salt iodine and 34,573 urinary iodine determinations, arranged as 85 cohorts from three survey rounds over six years.
The percentage of children reported to have received an oral iodized oil supplement within one year prior to urine collection was close to 50% in 1995 and 1997, but in 1999 none of the selected schoolchildren reported having received oral iodized oil in the previous year.
Household salt iodine content and use of iodized salt
From 1995 through 1999, the median household salt iodine content and the percentage of households using iodized salt (table 1) showed a steady increase with Iodine nutrition in China, 1995-99 each survey year. In 1999, the percentage of households using adequately iodized salt (iodine content ≥ 20 mg/kg) reached 89.0% (95% CI, 83.6-92.1), and the median iodine content of household salt reached 43.4 mg/kg (95% CI, 40.5-45.5); these were more than twice the levels seen in 1995. In 1995, none of the 23 participating provinces reported that 90% or more of households used adequately iodized salt; however, in 1999, 15 (48%) of the 31 provinces reported that 90% or more of households used adequately iodized salt. During the same period, the percentage of household samples with iodine content of at least 40 mg/kg increased, so that by 1999, 63% of the samples brought from households had an iodine content of at least 40 mg/kg (95% CI, 52.1-67.7).
Urinary iodine concentration
As shown in table 2, the national median urinary iodine concentration in schoolchildren progressed from 160 µg/L in 1995 (95% CI, 138-188) to 300 µg/L (95% CI, 237-326) in 1997 and 282 µg/L (95% CI, 246-345) in 1999. The median varied considerably among provinces, however, and particularly in 1997, the lowest and highest provincial medians of child urinary iodine concentrations differed by more than fivefold. For the country, the proportion of children with urinary iodine levels less than 100 µg/L decreased by 50% to 60%, while the proportion with urinary iodine levels of 300 µg/L or higher increased by a similar extent during the six-year observation period. In 1999, the median urinary iodine concentration in children was below 100 µg/L in only one province of China, while in 13 provinces the median had surpassed 300 µg/L.
Relationships between salt iodine content and use of iodized salt, and urinary iodine concentration
The median iodine content of household salt and the median urinary iodine concentration in children were positively correlated during each year of the survey ( fig. 1 ). For the combined dataset of 1995-99, r s = 0.74 (p < .001), and significant positive correlations were also obtained within each year. A positive correlation was also apparent ( fig. 2 ) within each survey year between the percentage of households using adequately iodized salt (iodine content ≥ 20 mg/kg) and the median urinary iodine concentration among children from these households (combined r s = 0.81, p < .001). Figure 3 shows that over the survey years, the 
Discussion
Starting out from a strategy focused on delivering iodized salt combined with iodized oil supplements in selected populations, the State Council of China in 1993 decided on a national policy to virtually eliminate iodine-deficiency disorders by 2000 and adopted USI as the strategy [9] . The results of representative monitoring of the iodine content of household salt and urinary iodine excretion in children from 1995 through 1999 show the solid progress made in China toward the implementation of USI and elimination of iodine-deficiency disorders. By the end of the six-year period in 1999, half of the provinces of China had met the target level of use of adequately iodized salt by at least 90% of households recommended by the World Health Organization/UNICEF/International Council for the Control of Iodine Deficiency Disorders (WHO/UNICEF/ICCIDD) expert consultation [4] . Also in 1999, the national median of this key iodine nutrition supply indicator had shifted closer to 90%. Measurements of the iodine content of household salt over time show a concurrent increase in salt iodine levels at consumption. In 1999, the national median salt iodine content had reached more than double the median content observed in a subsample of provinces in 1995. The biennial provincial monitoring system was designed to collect data on urinary iodine concentra-tions among those schoolchildren selected to bring the salt used in their households. The distributions of urinary iodine concentrations in children may therefore be expected to reflect the iodine content of the salt used in the households where these children resided. From 1995 to 1999, during the period when both the national median salt iodine content and the proportion of households using iodized salt were seen to increase twofold, the median urinary iodine concentration in children increased from 160 to 282 µg/L, and the proportion of children with urinary iodine concentrations under 100 µg/L decreased by 50% to 60%. The consistent positive correlations found between provincial median household salt iodine contents and median urinary iodine concentrations in children lend further credibility to the implicit relationships between, on the one hand, household salt iodine content and its level of use, and on the other, urinary iodine concentrations in children. Along with improvements in the adequacy of salt iodization and increases in the use of iodized salt in households ( fig. 2) , an upward shift can be seen in the distribution of urinary iodine concentrations among schoolchildren. Thus, the progress in population iodine nutrition in China during 1995-99 can be attributed to both an improvement in the quality of the iodized salt supply and an increase in its use in households. Separating the proportional contributions of these two factors was not possible from the present dataset, however.
The mandated iodization levels of food-grade salt in China aimed at an addition of at least 100 µg iodine per day to the diet of the average individual [8] . From the present dataset, an accurate estimate of the national baseline urinary iodine concentration cannot be obtained, because the data obtained in 1995 were collected after USI had already been launched, although it had not yet taken hold in the salt supply channels everywhere [8] . The data points in figure 1 for provinces with a median salt iodine content of less than 10 mg/kg would suggest, however, that the national baseline child urinary iodine concentration may have started out at a median near or below 100 µg/L. For the 15 provinces (with 5,047 determinations of urinary iodine) in which, during any survey year, at least 90% of households reported using adequately iodized salt and the median iodine content of household salt was between 20 and 39.9 mg/kg, a median urinary iodine concentration of 245 µg/L was reported in children. Thus, it would seem from this simple comparison that the additional iodine consumption provided through the mandated policy was higher in practice than what the national policy had aimed for. At the same time, however, it is notable that under conditions considered optimal in USI practice, the observed urinary iodine concentration among children in China fell within the range recommended internationally [4] .
The present dataset shows that by 1999 USI practice in China had progressed to the extent that the median household salt iodine content in the majority of provinces (22 of 31, or 71%) had reached levels considerably above what the policy aimed for. Figure 3 shows that the proportion of households using salt with an iodine content of 40 mg/kg or more was strongly associated with the proportion of children with a urinary iodine concentration of at least 300 µg/L. In 1999, the median urinary iodine concentration was 333 µg/L and the median household salt iodine content was 43.7 mg/kg in the 15 provinces (with 5,369 determinations of urinary iodine) reporting that at least 90% of households were using adequately iodized salt. Based on these observations, a reduction of the legislated salt iodization levels would be justifiable.
Although the practice of salt iodization in China improved overall, considerable variation remained in the measured iodine content of household salt. As table 1 shows, the more than 10-fold range between provinces in median salt iodine content observed in 1997 remained in 1999. Although the median household salt iodine content increased over time, along with a sizable reduction in the proportion of households using salt with an iodine content of less than 20 mg/kg, the proportion of household salt samples with iodine contents between 20 and 39.9 mg/kg remained rather constant in each province, at about one-third of samples. These observations show that the national salt industry in China still faced a challenge to improve performance enough to ensure a narrower range of iodine content during the production of iodized salt.
These considerations of USI outcomes in China were among the factors that led to a decision in October 2000 to revise the nationally mandated salt iodine levels to 35 ± 15 mg/kg at production. The monitoring results in 2002 should confirm whether this adjustment, in tandem with continuous improvements in quality assurance procedures by salt manufacturers, has prompted further improvement and optimization of the iodine nutrition situation in China.
In conclusion, following the high-level political deci-sion in China in 1993 to virtually eliminate iodine-deficiency disorders by 2000 through the national practice of USI, steady improvements took place in the iodine content of salt and the proportion of households using iodized salt, as well as in the urinary iodine concentrations of children from these households. By 1999, China had basically achieved the goal of USI: almost half of the provinces had reached USI, and in only one province was the urinary iodine concentration in children still below the recommended range. Biennial data collection from 1995 to 1999 based on representative household salt samples and urine samples from children in China's provinces shows an intrinsic relationship between these indicators of iodine supply and nutrition. At the same time, however, it became apparent that the salt iodization practice in China had resulted in iodine consumption among schoolchildren in 1999 above the desired level. In addition, the variation in household salt iodine content remained considerable over the period of observation. The data from 1999 show that China was tantalizingly close to achieving the national policy goal of virtual elimination of iodine-deficiency disorders set in 1993. The adjustment in 2000 of the mandatory levels of salt iodization at production, in combination with stronger efforts by the Chinese salt industry to ensure a narrower range of iodine contents in iodized salt, strengthens the expectation that the progress made toward optimum iodine nutrition of the population in China will continue.
